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Time of concentration, drainage capacity, velocity and discharge.
The area upon which waterfalls and the network through which it travels to an outlet is referred to as a drainage system. Storm water management systems are designed to control the quantity, quality, timing and distribution of runoff resulting from storm events Adequate drainage is essential in the design of highways since it affects the highways serviceability
The drainage designs involves providing facilities that collect, transport and remove the water from the ts have been studying the flow or runoff of water overland for many decades, and some rather sophisticated theories have been proposed to describe the process unfortunately most of these attempts have been only partially successful, not only because of the complexity of the process and the many interactive factors involved, but also because of the stochastic nature of rainfall and other source of water. Runoff from an urban drainage catchment consists of an initial runoff from impervious area (such as roof buildings, roads and parking lots), which flows into the storm drainage system. In the design of a drainage system, estimation of the quantity of runoff and the dimensions of the drains are very important. The appropriate method of determination of runoff depends on its applicability to the area concern, the quantity and type of data available, the detail and accuracy required and the importance of the structure [2] . Usually, the rational method is applied particularly for small urban watershed or catchment. The rational method states The peak flow and maximum flow velocity from the drainage channels were determined using the rational model and manning's equation. Analysis of the from the drainage channels were determined using the rational model and manning's equation. Analysis of the from the drainage channels were determined using the rational model and manning's equation. Analysis of the from the drainage channels were determined using the rational model and manning's equation. Analysis of the results showed that most of the drainage channels had lesser runoff when the modified results showed that most of the drainage channels had lesser runoff when the modified results showed that most of the drainage channels had lesser runoff when the modified results showed that most of the drainage channels had lesser runoff when the modified K K K Kirpich equation was used. irpich equation was used. irpich equation was used. irpich equation was used. All the drainage channels of basin A had velocities ranging from 1 to 2m/s and the drain capacities are okay. All the All the drainage channels of basin A had velocities ranging from 1 to 2m/s and the drain capacities are okay. All the All the drainage channels of basin A had velocities ranging from 1 to 2m/s and the drain capacities are okay. All the All the drainage channels of basin A had velocities ranging from 1 to 2m/s and the drain capacities are okay. All the drainage channels of basin B had velocities ranging from 2 to 4m/s and the drain capacities are okay. Channels drainage channels of basin B had velocities ranging from 2 to 4m/s and the drain capacities are okay. Channels drainage channels of basin B had velocities ranging from 2 to 4m/s and the drain capacities are okay. Channels drainage channels of basin B had velocities ranging from 2 to 4m/s and the drain capacities are okay. Channels 2 2 2 2 9 of basin C had drain capacity less than the actual discharge this makes the drain inadequate. Basin C revealed 9 of basin C had drain capacity less than the actual discharge this makes the drain inadequate. Basin C revealed 9 of basin C had drain capacity less than the actual discharge this makes the drain inadequate. Basin C revealed 9 of basin C had drain capacity less than the actual discharge this makes the drain inadequate. Basin C revealed that, channels 1, 4, 5, 7, 8, 10, 12 and 13 have flow velocities less than 1m/s and this wi that, channels 1, 4, 5, 7, 8, 10, 12 and 13 have flow velocities less than 1m/s and this wi that, channels 1, 4, 5, 7, 8, 10, 12 and 13 have flow velocities less than 1m/s and this wi that, channels 1, 4, 5, 7, 8, 10, 12 and 13 have flow velocities less than 1m/s and this will cause deposition of ll cause deposition of ll cause deposition of ll cause deposition of was done and their velocities was done and their velocities was done and their velocities was done and their velocities showed that the drain capacity showed that the drain capacity showed that the drain capacity showed that the drain capacity This study suggests that; proper design, This study suggests that; proper design, This study suggests that; proper design, This study suggests that; proper design, complexity of the process and the many interactive factors involved, but also because of the stochastic nature of rainfall and other source of water. Runoff from an urban drainage catchment consists of an initial runoff from impervious area (such as roofs, buildings, roads and parking lots), which flows into
In the design of a drainage system, estimation of the quantity of runoff and the dimensions of the drains are very important. The appropriate method of off depends on its applicability to the area concern, the quantity and type of data available, the detail and accuracy required and the importance of the structure [2] . Usually, the rational method is applied particularly for small urban ment. The rational method states that; runoff discharge (Q) depends greatly on the rainfall intensity (i), coefficient of runoff(C) and the catchment area. The rainfall intensity is often read from an intensity-duration curve. This is possible if both the duration (Tc) and the storm return period (T) are known. The assessment of extreme precipitation is an important problem in hydrologic risk analysis and design. This is why the evaluation of rainfall extremes, as embodied in the intensity-duration frequency (IDF) relationship, has been a major focus of both theoretical and applied hydrology [3] . According to Brian [4] , rainfall frequency analyses are used extensively in the design of systems to handle storm runoff, including roads, culverts and drainage systems. IDF estimates are important statistical summaries of precipitation records used for hydrologic engineering design [5] .
The time of concentration is the time it would take for a drop of rainwater in a reasonable intense storm to get from the farthest point on the catchment to the bottom of the catchment Kirpich (2) Where L is the flow path distance from the remotest part of the water catchment to the drain outlet (m) and S is the slope. These parameters are determined from the topographical map of the study area. The modified Kirpich equation (new equation of time of concentration) was established so as to make comparison and ascertain if there will be a reduction in discharge from the drainage channels when used in the analysis since both equations only considered the channel flow component of runoff. It is considered good practice to use at least three different methods to estimate the time of concentration and, within the range of these estimates, the final value should be selected by judgment [7] . Drainage system can fail if not properly designed hence, detailed design information of the drain is important to ensure easy and effective maintenance of the drainage. It is important to note that drainage systems are designed to a set of criteria that are subject to economic, social and environmental constraints. The design process should be one of risk management where by the consequences of larger events order than the design event are assessed for their cost and environmental impacts. In practices, drainage design for an area will involve a network of drains of different sizes to be laid at various slopes. Different methods may be employed in the design of drains. The methods range from trial and error selection of the sizes and checking whether or not the velocity of flow and capacity are satisfied. The drains are designed with discharge determined using the rational formula. The chosen section must give a capacity, Qcgreater than the value designed for [2] . It is a good practice to always design channels for the best hydraulic section with modification on practicability of its construction. Hydraulically, the section having the least wetted perimeter for a given area has the maximum discharging capacity. Such a section is called the best hydraulic section [8] . ASCE [9] recommended that, all channels carrying supercritical flow should be lined with concrete and continuously reinforced both longitudinally and laterally and manning's roughness coefficient less than 0.013 should not be used for well-troweled concrete for open channel design. The objectives of this paper are; to determine the adequacy of existing drainage channels, where necessary redesign inadequate drainage channels and develop a rainfall intensity duration frequency relationship used for the analysis.
STU
STU STU STUDY AREA DY AREA DY AREA DY AREA The study area is the University of Nigeria Nsukka located on the North-East of commercial area of Nsukka town and due east of hill in Enugu state Nigeria. Water flows from the catchment into a lower land a small settlement called Alaono. UNN has an altitude of about 500m with temperature ranging from 20 to 33 0 C. The entire area is about 7,329,9925m 2 . There are two seasons in the area, the wet season (March through November) and dry season (December through February). During the rainy season, a marked interruption in the rains occurs during August, resulting in a short dry season referred to as the "August break", though for years now this has not been consistent in August due to the climate change. UNN has annual rainfall of about 1600mm with greatest intensity of about 144mm/hr. Large part of the catchment consists of hilly terrain covered by vegetation, the lower parts of the catchment consists of buildings and roads. The valley floor slopes gently to the West and North West at 587 587 587 587 approximately 3%. The site lies within the basal sand stone of the upper coal measures which consists of fine grained false bedded sand stones and flat stones of about 15m thick; lying on 10m of clayey sandstones. The soil is reddish brown in colour; belong to the soil group of medium plastic and medium graded sand of low fertility. The bearing pressure of the soil varies between 100 to 250KN/m 2 . The soft sands are prone to erosion with rapid permeability. 
MATERIALS AND METHODS MATERIALS AND METHODS MATERIALS AND METHODS MATERIALS AND METHODS
The materials used were topographical map, location map, current meter, stopwatch, book and pen, 10m and 50m tape, iron pegs, harmer, white paint, rainfall data for a period of 4 years at 5 minutes interval using automated rain gauges (Secondary Source obtained from Centre for Basic Space Science UNN) and a Gis based software. The network of drainage channels and their locations were identified using the topographical map. Thereafter, the geometric measurement (width and depth) of the existing drainage channels were measured with a tape. The length and slope parameters are determined from the topographical map and this was imported on a Gis based software (Stormnet modeling software) which shows the drainage network and their outfalls as shown in figures 1, 2 and 3 respectively. Observed time of concentration for channel flow was obtained through field measurement by estimating the distance from the top of the catchment to the bottom, by estimating the velocity of flow from drainage channels and by calculating the time it takes to travel that distance. The selected subcatchment was divided into nine sub areas; this was done such that the time of concentration increases from one sub-area to another For a rainfall record containing several years of data, the following computations lead to the IDF curve: 1) For a given duration of time, starting with ∆t, the maximum rainfall amount of each duration in each year were determined 2) The precipitation amounts, one for each year were ranked in order of magnitude and the return period T, for each precipitation amount were estimated using the Weibull formular T= n +1/m (6) Where n is the number of years of data and m is the rank of the data corresponding to the event with return period. 3) Steps 1 and 2 were repeated with the duration increased duration by ∆t . A maximum duration of 30mins was used in this study. 4) For each return period, the precipitation amount were divided by the duration in order to obtain the average intensity, this was plotted against the duration for each return period using Microsoft excel to yield the IDF curve. With the time of concentration determined, the IDF curve developed was used to obtain the rainfall intensity using a return period of 2yrs specified for drainage design. The rational model and manning's equation were used to generate the peak flow runoff, maximum velocity and design discharge capacity of the drainage channels given as: Q =CIA (7) Where, Q is the peak runoff (m 3 /s), C is the runoff coefficient, I is the rainfall intensity (mm/hr) and A is the area of the drainage basin (m 2 ). Results obtained from the analysis of drainage channels of basins A, B and C showed that a relationship exist between the rainfall intensity and the time ofconcentration. As the time of concentration reduces, the rainfall intensity increases. At time of concentration of 5mins, an intensity of rainfall of 95mm/hr was observed while a time of concentration of 12mins had rainfall intensity of 85mm/hr as shown in Figure 5 Comparison of the equations of time of concentration, revealed a slight difference in runoff discharge ranging from 0.002m 3 /s to 0.005m 3 /s in basin A as shown in Tables 6 and Figure 6 . However, a reduction in runoff discharge was observed in basin C when the new time of concentration equation was used for the analysis as shown in Tables 8 and Figure 7 respectively. The results obtained from the analysis of the new equation of time of concentration appears better than analysis from Kirpich's equation of time of concentration since there was a reduction in runoff discharge. Drainage channels 2 of basin A, had a quantity of runoff of 0.464m 3 /s when the Kirpich equation was used while, a runoff discharge of 0.489m 3 /s was observed in the analysis from the new time of concentration equation at a velocity of 2.04m /s with a slope of 9.25% and drain capacity of 1.647m 3 /s as shown in tables 6 and figure 6 respectively. Channels 5 had the least discharge of 0.063m 3 /s with a velocity of 1.63m/s at 6.66% slope and drain capacity of 0.636m 3 /s . All the drainage channels of basin A had velocities ranging from 1 to 2m/s ,the flow velocity meets the requirement of 1-3m/s and the drain capacities are okay as shown in tables6 and figure 6 respectively . All the drainage channels of basin B had velocities ranging from 2 to 4m/s and the drain capacities are okay as shown in Tables 7 and Figure 7 respectively. Channels 9 of basin C had the highest discharge of 1.524m 3 /s with a flow velocity of 1.91m/s and a drain capacity of 0.688m 3 /s. The drainage capacity is less 590 590 590 590 than the actual discharge this makes the drain inadequate as shown in tables 8and figure 8 respectively. Tables 8 of basin C revealed that, channels 1, 4, 5, 7, 8, 10, 12 and 13 have flow velocities less than 1m/s. A flow velocity less than minimum requirement of 1m/s will cause deposition of sediments in the drain. Field observation of these drains showed that the drains had been silted by sediments. A redesign of inadequate drainage channels of basin c was done and the result showed that, their velocities ranges from 1.21m/s to 1.54m/s as shown in Tables 9.0. However, velocities excess of 6m/s should be avoided to prevent scouring on the drains. Drainage Channels 2 and 9 of basin C had drain capacity of 0.821m 3 /s and 2.06m 3 /s respectively with corresponding drain size of 0.4mx0.8m and 0.45mx 0.90m respectively as shown in tables 9.0. Since the drain capacity exceeds the actual discharge, the drainage channels are adequate. 
Drain size(b x y) 0.6x0.6 ,, , 
Drain size(b x y) 0.6x0.6 ,, , Outlet invert offset ,, may be employed in the design of drains, the method ranges from trial and error selection of the sizes and checking whether or not the velocity of flow and capacity are satisfied. The design is basically aimed at determination of the drain section and slope. This research presents an analysis for the determination of the capacity and adequacy of drainage channels in University of Nigeria, Nsukka campus. Topographic map, meteorological data, geometric measurement of drainage channels and application of rational models, Kirpich's equation, new equation of time of concentration and manning's equation were used in the analysis to obtain the discharge and drain capacities of the channels. Results obtained from the analysis showed that a relationship exist between the rainfall intensity and the time of concentration. As the time of concentration reduces, the rainfall intensity increases. All the drainage channels of basin A had velocities ranging from 1 to 2m/s and the drain capacities are okay. All the drainage channels of basin B had velocities ranging from 2 to 4m/s and the drain capacities are okay. Some drainage channel of basin C had drain capacities less than actual discharge and flow velocities less than 1m/s. A redesign of inadequate drainage channels of basin c was made to ensure that the drains are adequate enough to safely discharge the runoff generated. This study suggests that; proper design, computations (analysis), adequate construction and maintenance of drainage channels be made ensuring that the velocity satisfies the minimum requirement. In order to increase the velocity, the slope had to be increased. However, velocities excess of 6m/s should be avoided to prevent scouring on the drains. 
